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(54) IMAGE PROCESSING UNIT 
(57)Abstract: 

PROBLEM TO BE SOLVED: To allow an image 
processing unit to flexibly cope with a change in a 
gamma curve through formulation of the gamma curve by 
processing data with a data processing means that 
processes the data in parallel. 
SOLUTION: In the image processing unit, which is 
provided with an ALU 405 that uses parameters different 
in the unit of each pixel to execute parallel processing, 
an external data RAM 401 that stores in advance the 
parameters, and a G411a register that loads required 
data from the external data RAM 401 and whose 
contents are referenced by the ALU 405 in the case of 
conducting an arithmetic operation, and which applies 
parallel gamma conversion to an input density based on 
the parameters loaded to the G register 411a to decide 
an output density, pluralities of conversion equations 
corresponding to each density level are stored in the 
external data RAM 401, the ALU 405 selects a 
converstion equation in response to a density level set 
by a density setting section that is provided separately and 
on the selected conversion equation. 
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k. 

i-«w**ai:, 

[»#* 3 ] A^aSo^:S£IS^^^cof5ia(c^#J 
*«fc:*IM-« r £ #* 2 EaoHHfcA 

asec. 

[a*^4] mEm^jRTAv^atirAM:, a*« 
— *E**afc. 

tt**KttEm¥a##IRTOft u^* # , 

(WE^WBt*— ^E«#aKtt»a i"</Hc*tJ4; Lfcklfe 
****** Six, MrE*»#il:ttj|irE**u^H»36 
^aic ± o r^:^ * ixAc«S i^^a? ffiE^^*^3l 
RU r©a»*ixfcJE*a;iJ:«-5v^"CilfrE»*»*# 

[18**6] 1 7**XBIffl*«^«rA*rSA;*J^a 

r o AA#atc: t o r A^f $ tilt 17^^ <BiiHfc* 
aWMcKl* 1tmtWH£ «fc o T A***«c# LT atyowic 

»E****»c:iKJf*^<9^~*t***JtFriE«j:**i 

i- 5 * Ett#a fc , 50 
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«*«F^fljrE«3HS*#ii(c:#«a «Ttt* 

MESJf^awu A/7*tt0£ttH«r*ft0ttBfc£W 
i-Sfcirfc^ WE»WSixfc#KIB-c**|j:ttffli-fi 

*iEH-c0ea*4>fliflk &u***<a»ftae 

* u^HdStrt; L fe**** fc <b ^ C J6*ij^ $ ixfcgtrE 
^95^- * E* ^a*>> b ltd ESS i^/MMfe#afc: ± o 
TK*Sixfc*«u^/uic#rti:Lfc***fcWlL, M 

e«*» f- ± o TitE i"i?x*k 4H* 5^ 

* * 7 7 >r «r#fln vxmmmvi s ixfcacifcaacx-s 

[ft** 7 ] u-^/UcSK 
«***6*»uaE>l«^«^-*E1iMte**urja 

ixfc*«UK^«c»J6bT*flEM»i(*«rWi'*-« r 

[ft** 8] tJE^»f-^B*¥a«:^»C PUi 
'<**«Six5fc4:fcfc:, 8Sffiffl#«iJ*£«-E#-Ctf> 

SE*a;«:iab**u 

m»CPUt«ffi^«Sf-.>E*#Si:©Sl«, & 

* E*#a t £ «0 D * x. S -fe u ^ ^ S 6 tdffl 
x. 

ME^SB CPU J*ME«S ^/^»3e#ao»*fc« C 
T^^x- ^ Etf^CM * ixr v % 5 «S® H^#J* 
i:*K»T?©3C*S;**#**., SftK*Ke^rtl»tr 

So 

lit** 9 ] UlE^ac PUi: ME-fe ^ 

»fPA**cJ:oXffirEai«aE*K3tOrt*S:3E3Ei-ar 
i: £ »« t -T 5 ft ** 8 E«^ HiftttlBttB. 
[ft** 10] StrEtftf^aJH:, ^^$ntv>5^ 

iii**ii] fflE**2E*tt, y&mzm-3<mm 

< v«xa»tej: o r^r^ti^ r k 

[000 1] 

[3BM<o«i-5aw»»] *^«Ss ^r^^> 

mc«9, #tc»S (KM) *£lc4»*o«>5V*ftL9 
10 0 0 2] 
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5. MEma&s-cri, fefifjE, viE -Vx-f^y 

rmsE* MTF4tjE,-Htme«^ 

[0 0 0 3] 

[«Wis«*UJ:3 tt5SI] f&*©yttjEI4AAa 

fcLt=- A"fcV (Yule-Nelsen) ©SUcS-^T'fT 5 

fci?, mfe(cS<J<»*3Eifefc»a«H*-7' (fig 
[0004] tc?, *^©n©ie*n±, fig*fjE 

«tt0>SMa*2&*-e, fi«*ftiE7 f -*ft&HiJ«r 
[0 0 0 5] ^r-C, *389!e>gS2roiMW:* MJiJMS 

TZ&te^—ft&m^mz-z^xtBm-tzz. tt?, »gf§ 

jE*-^©^WbfcJ:o-cai**|jE*-yoaC3E»c*DtK 

*rj£-r 5 r t a*-c # s®tfe*&32£a*&m-3 r t icfo 

[0 0 0 6] Sfc, JB3 0BttWt,.«aiSHS:»WU 
ERA w £ 7 * - * £gpo r. t lc J: o x*r— ? S£ f|ij 

5. 
[0 0 0 7] 

[KS*»*-f-5fc*ro^] MEBWSr&JS-rSfe 
ft, J! 1 O^aiciS 5 W&MSlglgli, 17^? <DW& 

TA^figlc#LTMjyttlcfig£&£^oTd±*jfi« 

[0 0 0 8] »2©¥S(4, »l w^atc^T, ME 

t0^3«ff^©3E»ttME7 , n if y A.&OT'u if =7 
[0 0 0 9] gS3<£>^aii, *2 0>#ai£*5Vt\ A2j 
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[0010] furo^ara:, SB3<z>#au::fcv^ ME 
[00111*5 <o^wi<o^m\z.%zw&V!ims&mft., 

ffi-5«W¥S4:, ^H^ME^^^-^Srfefe^Cft 
*S^LT*5<^gB7 ? -^Eti#g:^, rtO^SBr-^E 
tg^a^fc^S^-^Srci-KU **«F»-ME)Si* 

^mifi^m^smtt u ^ ^ % me w-^* * n — k £ 

A^figKatL-CMFUtfjKfi 

*«»srfi i o-ctaAai««r*^f *«**^#ai:, fi 

«u^SrR*i-<5»ftu^<A'ttJE^«4S:**., ME 
^^-^Etg^ai-fifigw^/W-Mi&Lfc^&iSri* 

Id ± o -CR^ ^ftfcfig P>ME3t!»S:S:3g« 
[0 0 12] S6»faij;, 1 7**cojIJ&{f-5§-3:A;ft 

-rsA^^at, roA^j^aitio-cA^^tbfc 1 9 

*»«*rit5fl«lcffi*-rsiaA*a4, MEfig^&tc 

& n - k u an^i^MEaius^ Aa^aa^ra^: u 

MEtS»^a»4, A^SS(D^tgffl«rm^:roffi 

ffli^fj-r^tt tic, aiB»«s*tfc#KiB-ca»ic 

nfcME^asv"- i? lElg^Sd^ bME«ffi WOMRJE^ 

^L, WEajHBK J: TlttEw^^J: 

^^77^/^ Sr#fi8UTME31R$nfca:«l 

[0 0 13] S7©¥M, ^6W^atC*SV^T, m& 
E^-SB^-^EIi^aicfei^U-Cfe^. iilESffS^ 

u"</wa^#a<c i. o -cr^ $ ttfcss w^/Mc*t 

[00.14] I8©¥glt ^56<D#a(-i3W^-C, ME 

^-sex-^Eti^aii^gcc pu i^ittiiwi t 

L, ME^gBCPUtME^-gB^-^E«#ai:0» 
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SB?*— *1E«^« t (OmWt*® 9 SU. 5* * * S 5> 

ttH»«*fc#K»-C©*»*S:»#»it. »«£ftK 

[0015] m9<D^m&. meco^mc&^x. wie 

ttfflC PUi: SJIE-fe * k &ftLXs<x&1Bt£1n1ti&- 
[0016] $10 <D#Stt, S 6 O^&fcUSI^T. fU 
[0 0 1 7] fBl 1 OfStt, mi v m5*3j:U?S6<?5 

[0 0 18] 

[»»©sai^»*] cat, ^m<ommmm\co^x 
mmz^mi-xwiwi-Zo 

[0 0 19] 1. fX7-J»±fc<DmiSL 

[0020] mi 8<^i¥at^i-^n y^H**fe^a 

«£ o U^-^L K) 95 1 0 «\ 1 1 , JDSSS-& 11© 

5S*7>/1 3, ajfc^^l 3\z£^X&%:£fl1Z 

mffifrb<DR&tyt&ccD i 4(c*<s;jw^7— »i 

MSI 6, 3tt/ffirlEH3t^^l 3 fcRWS 7— Pi 5 

[0 0 2 llffl»»2 0f4, IPU W^-^n-fey 
i/ls b-Vffe&JSft) 2 1, -feU^^SB2 2. 
E««f»2 3, ^yA«»»2 4aVJ»fWB2 5 
£ 0 *>*^AMflMB2 4|C|4*^>3Vtfa — 

y-^/ua^ifn— # 5 o t^^iim^pjtg^ r 

B«K*5 I36»b»9atrri:t>"e#e. fti8, IPU 
2 ifcl;MfHE*«»i 6 3ft»blt**^fcliMfcfll4^AA 
* ft, I P U 2 1 -CBMfe&a Lfciffite«^asteJg/£« 3 

«f»2 4 tta^Rf?3S«l O^^rttWSl 7:fcJ:l5 
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[00 2 2] ®Mf$LU 3 0 J*. 31, Zfuy 

M3 5, t5?fWt3 6, Mft^t3 7, 
^ y- = >^3SB3 8, »tft^t3 9»tf)|»K 

1, 4 2, 4 3, 4 4, afeWcrtLbCD«&3KhU>f(^V> 

Tfc^^ir— v^-Y 3 6Xt«Mi7-r— S** 3 7ffl»c«t*&. 

h W 4 7 SrffiSx.TV^o 
[0 0 2 3] r©±5«C#SfP^«fig$tt^l7 f ^^^a^ 

[0024] 1 1 ±\zm*tiitmffi 1 2 t^u 

II^l K:fiotWj:S)t7^i 2l:ict 

S^gtCCD 1 4{£AttU CCD 14 

5 0 ccd 1 4\£*<>xKfr&t>tiitmikiBttmm» 
emtci 9 2<Dnmmm (*mmmmxte2 5 

^■t i I PU 21 l^$ti^ 0 

— >^tt3*B3ttM PU2 llcS-V-C?;' — ^©R 
[0 0 2 5] ftV^, I P U 2 1 (djoV^T 2 9<7t I) 7 f\s 

[0 0 2 6] M*»3 0m IPU2 1^^I« 
#3 3 4r»#3&*«3 1 frt><Dm&y £ '-*\C£'DX&m 

zftfcis—ifmzx^xayt-rzo ^33^11: 

ti^o tt*C, fW^^p(ciot*aMbW4l- 
4 4 0V>i*tt^>fc|&3K$H, hP-7 4 5 CO^ 

^fiiT^Sltlt(E^«»3 3©[Hie^^ 
-f^^^SrlfoTDRaSU e?ft^3 6iaot 

3 71c±oT(E^»Sr«*(t3 3«B^fe»«i-« c 
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[0 0 2 7] — »«E^«0«**|c»«Lfch^ 
lfc*U ^{:M*3 3«fft^3 9|:io 

[0028] ai9liIPU2 10rt«FBO«fi8S:^i-^ 

ovvtKW-TSo IS«ttSi»!>«i o ^bA 
* $ ftfclHfe^- # ii* * * ^M^ffiiE^ 2 1-1, £ 
fSFSB2 1-2. 7 4A'*to2 1 -3. * * ^ * > SB 
2 1-4, y 21-5, &t/iUe#L3IS5 21-6 

»*a*Ul*«l«!»3 1 -.lKUSV^C 

^rffi^i-So ft*3, ^^r^^-^^^gC2 1 -4tU IS 

■^^^^^LfcDi-s. 7iaa«2 i-5-ett. tit 
»*rfxv\ mnmm^2 i-6tn mattm*. 
turn. ffiammftii&fttKSo ftfc\ yMS2 1-5 

[0029] 2. DSP (Digital Signal Processor) 

^M^^riI14 (C^-r e r^gjteDSP^^yfilEO 

S PW9iT-^RAM4 0 I tT KW^^4 0 2 5. 
U^-*> 0 3Sr^bTSE«Stb^«»fiO 

8 tT 5/ f 404-R0JiV^L4 04-RNi:, 

#I/v?^^4 0 4-RO-RN^bT-^^n- Kit 
iR*^TtB-CfcoT, i»»Je*^S9IB# 8 if* h i/^^ 
4 0 4-R0-RNl:ftOTi4l6^5/hALU (Ar 
ithmetic and Logic Unit) 405 — 1, 405 — 2, 
4 0 5-3- • • t % SftlE# A LU4 0 5 • • • 

Pn (x n , y n ) 

a n = (y n +i— y n ) / (x n+ i— x n ) 

UJ**S=an (A^S^-Xn) + y 

[0 0 3 4] fc*!U m^St^2 5 6BS«C*^HtU 

WA8S= i n t {a n * (A^Sft- 
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ft^^r/U^lr (MUX) 409-1, 409- 
2, 409-3 - • - i, yttEM»7p ^9 ****** 
^^Lfc^n^9*RAM4 1 0 ffiTlS^^^U^^ 
4 0 9 ^n— (G) 4 11a 

fllfifcSixTV^. ft**, IuIE7 p d^9*RAM4 1 0 t 
>/u — 4 1 1 fc^ix-eixT K^/^ 

4 0 2Mr-^, CS/^4 0 3{Ci^$tl-CV^ o 
[00 3 0] t5EALU4 0 5-l, 4 0 5-2, 4 0 
5-3 • ■ ■ te^tl^tlTlc^MiU— * Ui/*? 4 0 6 
-1, 4 0 6-2, 4 0 6-3 2- • • fr^tfy ]) — 
V-^4 0 7-1, 407-2, 407-3 - • • t 

mEAa^RTffifcu^;** 4 0 4£>^-*£T 
a u-^ i/^ ? 4 o 6 - ^ 4*JI 

fc, #ALU4 0 5lt Tl/^^4 0 8-1, 4 0 8 
-2, 408-3 - - -It's/ h£«x., ^Officio 
t^(DALU4 0 Sd^n^^A^^rH^fi-S^^ 

[0 0 3 1 ] ft*5, ffirfE US?* * 4 0 4 - R 0 teA*!& 
S^^, 4 04-R Ki^ffllSIOxIlU^ 
4 0 4 - R 2«EHSSf ©ylgU^^, 4 0 
4-R3l^g[W^^, 4 0 4-R4li[iiMSl-v ? 

4 0 4-RNimf B 1$W^^T^5c 
[0 0 3 2] rcoj:5ft1¥i/£&PE C/o-fe^s^^t 

[0 0 3 3] 3 . y ^&5£ 

^c^v^rn^s^Jb^#^olzrar^^c^£iSol^^aa 

ffihTSo r<ol*a;"Cifi«b*:»]E«**:««:»«cBl2 
l-^-To rco(2i2icioV>-C, EKffifli&' 

• • • (1) 
tta B tt2£m<affia(lcj:g 

... (2) 



(3) 



ftjtn«ftbftv^ahfrtt, 

- X n ) — y n } ' • * ( 4 ) 
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- — *P 4 (x4, y 4 ) , ^Sf-^a^f), 

ttJ**«=int {a 4* (A^SS-x*) -Y4) 
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• • (5) 



[0 0 3 5] 3. 1 KH©ft£ 
WIE5S (3) Sfctt (4) -eyaE*«rfr5fc«>^tt, A 
*»*oaElfet^v^EIBJfi«P n (x n , y«) SW, 

[0 0 3 6] r^r;^yxi,-eit *f, ^^2/^1 

0 ItAMSl 9**##A*»*US?;*#4 0 4- 
R0{C*&jfrt^n^ o #CV>-C\ ^fy^lO-2"eT^ 
*4.0 8*«JJ!Mfc;LT a l w Z-tyhTZ>o NttlcSMB 
fr^RAM4 0 1 J^bEHSCT*— *N«rflk9&** E 
IH*U^*4 0 4-RNJCo— Ki"J5o fu!2T 
Ui^^^4 0 8tt#ALU4 0 5 3*1 \f y hTo^pib, 
T UiS* ^408 Offitf* a 1 " (DA LU4 0 5 <D3*t*7 

10 0 3 7] ^yZfl 0 20«iS^3l»Ti-54:, ^ 
5/^1 0 3T?'KBBR1^^^4 0 4 -RN©I^bia 
JM*S. KIB*U^*4 0 4-RNKtt, 

lCl-fo«J|*|X*« -t tT, ^75//10 4T'#AL 
U4 0 5liT^^4 0 8©Mi^LT "1" 

105m lWJiaoKiHfcnicftai-**^— * 

Pn-1 ( X n -l, XtWSSK^— * a^i^^^X — 

*RAM4 0 li^^nw^atyfS4 1 1 <DG 
lsi?**4 1 1 alSt^ALU4 0 5^ttfflf5 xl 
IU^^404-R1, yISi/^^4 0 4-R2 
4 0 4 - R 3 Hg^tio GW^^ 
4 11a JiStrALU4 0 5 ^*atC T * ^^i"^> r. £ 

^1 0 6-CALU4 0 5ttA*««WS***4 0 4-R 
OOfflC^bPnffiaiOxa-iSrWW-rs. tLT, ^-r 

k&gtariZnTfx, yIIl/^^4 0 4-Rl, 
4 0 4-R2TOS^^4 0 4-R3tC#^M 

-To toft, ^fy^i o 8-e*JHB*ot>f ^tr jx h 

S:T^^4 0 8l;i«HlW-5. w^»if^Srn = 0fC* 
S*T»9 5Bi- O^s^l 0 9) 0 
[0 0 3 8] fcflfU ^7^10 6 0«3WS*^b^ 
f'^lO 8 IdjoitSlM' >-tf y h& "0" <Dh$, m 
V^tft*iXtfA*»«OEWI^«»StLfcALU4 0 5 
te, t^f ^ryT'l 0 5^^L 1 0 8^111^^ 
y^^tls 1 7^^t^X^ALU4 0 5^4{^, 



^1 0 ^S:EIB»OIpI«»*!!)3SU ±X<DA 

LU4 0 S^jS^t^A^SS^^^L^, * 
xs^l 1 OT-mjfS^; (4) laoTB^fit^Slii 

*-t~5o fcrtl'U 7P-f t^hO^f^yi 1 0(7)^ 
I^O R 3 liM L-^^ ^ 4 0 4 - R 3 Of a nSr, Rl 
lix«I^^4 04-Rl©fix„$, R2teyjffi 
S u v 5 * ^ 4 0 4 - R 2 ©ffi* tft^h^i-. 
[0 0 3 9] 3 . 2 Jtrft:tf)8tff#l 

[0 04 0] m 5 iC^-i-* 5 IHA*»*lxi?^^ 404 

-r otefcm&tix^&xjimat?*— ^tm^<DT= 2 
40, ^ = 200, ?=so<D&m&\^ mmmicoT 

[0 0 4 1 ] A^SSSStSteO — 2 5 5t$)D, 

gfc> EIDiSfllP^ «Sa„f-^^Sf-^RAM4 

0 lld-fey hSixS— WSrH5*V^big8(C*-fo 
fcf^A LU4 0 5j)S§ ^O^poAAiSa * 4 0 
4-R0^a5r-^RAM4 0 1^On = 7, x 7 = 
2 2 3, y 7 = 2 2 0, a 7 =3 5/3 2^rGl/^^4 

R0-x 7 = 240-2 2 3 > 0 

telE"? @6ld/7tJ:5lCTl/^^4 0 8- 

1K "0 n &±y htStl* n = 6^fi^lifTbHft 

[0 0 4 2] -YO«»feft. 
R0 - x?=2 0 0 — 2 2 3<0 
Xtf 

R 0 - x 7 = 5 0-2 2 3<0 

J^ft-C&Sfctf), Tl/^^40 8-2IC|i "T iSt 

rixMJ: 9&On = 6OEngo&^£rfT5 0 
-:tU Mf-^RAM4 0 1^n = 6 > x 6 = 
191, y 6 = 2 0 0, a 6 =2 0/3 2^Gl/^^4 

1 1 aS4Xo-KLT»Sf5 0 
[0043] t5i^OALU4 0 5 

R 0 — x 6 = 2.00-l91>0 

I4jE-C*>S^«>,. EI 7 IC^-T £ 5 f-T * 4 0 8- 

2KJ* "0" #tyhSW D -2/, *0«HSMt: 
R 0 - x 6 = 5 0-1 9 1<0 

l^4ot > Tl/^N 0 8-3 Kte "1" riSiry }x 
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